In the present research, synthesis and characterization of hybrid bamboo/glass fiber reinforced polyester (PE) matrix-based composites through compression moulding technique was fabricated and characterization is done. Seven different combinations of composite plates were prepared with the fiber alignment of 30 o and 60 o in a plain weaved mat form. Experimental results show that when hybrid fibers combined with polyester matrix, mechanical properties such as tensile strength, flexural strength, impact strength, hardness and water absorption tests of the matrix increases the superior specific strength and modulus but have a lower failure strain compared to other combinations and then pure bamboo or pure glass fiber possess decrease in strength compared to hybrid combinations. Thermal and Morphological investigation of the pure bamboo or pure glass fiber and hybrid fiber fiber-reinforced polyester composites have also been carried out. The results found show that application of these fibers as probable reinforcing materials in bio-based polymer composites.
INTRODUCTION
Polymer Matrix Composite is either synthetic or natural fibre as reinforcement and polymer as a matrix. Synthetic fibres like carbon, aramid and glass are often used in aerospace and automobile structures due to low density, high stiffness and high strength. Due to these properties, synthetic fibers have serious drawbacks like health hazards, biodegradability, recyclability and initial processing cost etc. Natural fibres like banana, jute, coir, kenaf, sisal, hemp have the ability to replace the synthetic fibres due to environmental issues. In addition to that, natural fiber possesses light in weight, low cost, high flexibility, renewability, high specific strength, high toughness, easy and simple processing [1] [2] [3] [4] [5] . Natural fibres, have few dis-advantages stating as low strength and high-water absorption property. These limitations can be enhanced by using a technique called "hybridization technique". Hybrid composites are the composites, which have more than one reinforcement in a single matrix or multiple reinforcements with multiple matrix or single reinforcement with multiple matrix. This hybridization technique can increase the mechanical and thermal properties of single fibre polymer composites 11 . The high strength natural fibers used for reinforcing polymer composite materials is Jute and Bamboo fiber, gave the microscopic level for determining the strength of bamboo fiber 6 .
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In this paper, mechanical properties, thermal properties, water absorption property and morphological property of hybrid bamboo/glass fibre reinforced polyester composite are discussed.
EXPERIMENTAL Preparation of Material
A diameter of 10 µm and 6 µm were chosen as the fibre diameter for bamboo and glass fibre respectively. Silane was introduced for the chemical reaction, also to enhance and improve the properties of the bamboo fibre. Polyester resin is chosen as the matrix material for this project. Cobalt naphthenate and MEKP were used in the form oxidizer and catalyst in order.
Fabrication of Composites
The Compression Moulding process was made use for the composite plate preparation. All the composite plates were fabricated in the molding box size of 200 × 150 × 10 mm in wood. The bamboo fibre woven was positioned and then the required amount of polyester resin was drizzled over it and the same process continued for hybrid composite plate preparation also. Primarily, the fibre was compressed to remove the air bubbles and plates were prepared by means of a hydraulic hot press machine 9 . The polymer was made to preheat at a certain temperature for a specified time to soften them. Hence it obtains the desired shape. The number of plates was fixed to seven for the different composite sample. Different composite samples with varying stacking order of laminas were prepared as shown in the table. Seven different kinds of plates were built and shown in Fig.-1 . 
Material Characterization of Composites
The milling cutter was used to cut the plates into specimens as per ASTM standards. For attaining prerequisite orientations, the specimens were arranged as templates from the GI sheets, proceeding the 30° and 60° orientation. Finally, the plates made are cut into the definite angle. The specimens for the tensile test was prepared according to the ASTM D638 standard. The tensile strength of the bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites were prepared with a different volume percentage and of orientations 30 o and 60 o respectively, in accordance with the ASTM D638 procedure. The specimens were cut in the ASTM D 638 standard, whereas samples were secured in the UTM with the specifications of 5mm gauge length and 2 mm/min crosshead speeds. The specimen for the flexural test was prepared according to the ASTM D790 standard 7 . The flexural strength of the bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites were prepared with a different volume percentage and of orientations 30 o and 60 o respectively, in accordance with the ASTM D790 procedure. The specimens were cut in the ASTM D 790 standard, whereas samples were secured in the UTM with the specifications and the speed of test was controlled as 2 mm/min and the span-to-depth ratio was ranged as 16: 1.
The specimens for the impact test was prepared according to the ASTM D6110 standard. The impact strength of the bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites were prepared with different volume percentage and of orientations 30 o and 60 o respectively. The charpy testing machine is used to measure the impact strength, in accordance with the ASTM D6110 procedure. The energy obtained from the results is divided upon the area of the cross-section of the specimen to calculate the values of the fracture occurred in the specimens. temperature of about 32 o C. After a period of about 24 hours' time period, the samples were taken out, then wiped with tissue paper to remove the moisture, using an electronic weighing machine accurate to 10 _4 . The readings were taken for a time period of 21 days for a period of 24 hours and the readings were calculated. The moisture content, M (t) absorbed by each specimen is calculated from its weight before, w (0) and after, w (t) absorption by using the following equation, M t = 100 W − W W Thermo gravimetric analysis was carried out using a Mettler Toledo SDTA 851 analyzer. The samples weighing between 5.80-9.02 mg were placed in ceramic crucibles, while the tests were carried out in a nitrogen atmosphere. The heating rate of the samples was 20°C min-1.
To investigate the fibre Matrix Morphology, SEM analysis is implemented. The insinuation of the bonding between the matrix and reinforcement is one of the main purposes of this test. Magnification of 3mm is considered for the experimental investigation.
RESULTS AND DISCUSSION

Tensile Strength
Figure-2 and 3 show the Specimen Vs UTS (ultimate tensile strength) of the pure bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites corresponding to fibre orientation of ±30 º and ±60 º . The graph was drawn using MATLAB. Figure-2 implies that Specimen G exhibits a significant rise in tensile strength, in comparison with other combinations and Figure 3 implies that Specimen G exhibits a significant rise in tensile strength, in comparison with other combinations. Figure-4 and 5 indicate the Specimen Vs. Flexural strength of pure bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites corresponding to fiber orientation of ±30 º and ±60 º . The graph was drawn using MATLAB. Figure- Figure-6 and 7 show the Specimen Vs. Impact strength of the pure bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites corresponding to fiber orientation of ±30 º and ±60 º . The graph was drawn using MATLAB. Figure- Hardness Number Figure-8 shows the Specimen Vs. Hardness Number of the pure bamboo, hybrid bamboo/glass and bamboo/micro/Nano powder composites. The graph was drawn using MATLAB. Figure-8 implies that Specimen E exhibits a significant rise in hardness number, in comparison with other combinations. Figure-9 showed very low moisture absorption for all the specimens as the fibers were closely packed by the matrix materials. But the hybrid fiber exhibited very low moisture absorption property due to the availability of glass fiber. This was followed by Nano and micro coconut shell filler added FRP specimens as the fine gaps in the specimens were packed by the fine fillers which prevented from the formation of voids in the matrix. This improved the water absorption property of the materials. Hence, Specimen A has comparatively more moisture when compared to other specimens. From Fig.-10 , the surface morphology of the bamboo/glass fibres bonding with polyester resin in the tensile specimens after breakage was examined by the implementation of SEM analysis. The cross-section of the composites of different combination corresponding to orientation is shown in Fig.-10(a-g ) with 200 µm magnification. It was apparent that hybrid fibre bears a high degree of intensity and compactness than the solitary fibre arrangement. The polymer composite manufacturing with the rough-surfaced fibre bonded strongly with the matrix was disclosed explicitly. 
Flexural Strength
Impact Strength
Water Absorption
Morphological Analysis
Thermal Analysis
With respect to this analysis, the Thermo gravimetric (TGA) curves were utilized to decide the thermal degradation and thermal stability of every material. The TG analysis of neat high impact polyester, bamboo/glass fibre and their composites are mentioned in Fig.-11 . The thermal decomposition of each sample occurred in a customized temperature scope of 25°C to 800°C.
CONCLUSION
• The composite of combination indicated as G (Bamboo fibre with coconut shell powder in Nano size) with ±60° orientation produced the maximum tensile strength of 63.1 MPa which is higher than several other orientations of 0°/90°,30° and ±45 o .
• The composite of combination indicated as G (Bamboo fibre with coconut shell powder in Nano size) with ±30° orientation produced the maximum flexural strength of 77.368 MPa which was higher when compared with other orientations of 0°/90°,60° and ±45 o .
• The highest impact strength of 0.544 J/mm 2 was indicated in Specimen D (hybrid bamboo/glass fibre), yet altogether it was greater than the other orientations 0°/90°,60° and ±45 o .
• The highest hardness number of 91.3 HR was renowned for combination indicated as E specimen, which is almost had the highest hardness number compared to other combinations.
• SEM investigation indicates the specimen F and G possess strong bonding of the bamboo/Nano powder PMC of diverse combination than the other combinations.
• Thermal analysis indicates that Specimen D proves its stability to withstand polymerization temperature. Overall the characterization results confirm the chances of using this fiber for fabrication of sustainable FRP composite and its peak applications in the aerospace industry. 
